Introduction
A lot of elements of the machines operate under different types of loading. Rarely the stress states are simple, but contrary they are usually becoming complex in different cases. Therefore, many material laboratories focus their efforts on the investigations under multiaxial stress states in spite of the well know fact that such kinds of tests are not easy to perform. Since the number of multiaxial experiments is still modest, the current knowledge about materials behaviour under such conditions is insufficient for reasonable modelling. Such situation takes place for example during an effective fracture predictions of engine turbine blades [1], [2], failure assessments of ball bearing [3] or damage analysis of vehicle drive shaft [4] . On the other hand, complex loadings play an essential role in modifications of technological processes [5] , [6] . Taking into account the current trend to prolong lifetime of the industrial devices and possible redesigning of certain technological processes, the experimental program presented in this paper was designed in such a way which allowed to attain these requirements. In the loading program the torsional cycles were superimposed on monotonic tension.
Experimental Results
Two different materials, i.e. the P91 steel and M1E copper, were investigated under biaxial stress state. Stress-strain characteristics of the tested materials are presented in Fig. 1 . There are significant differences between them, what is obvious since they represent different kinds of material. However, an interesting thing is that both characteristics can be modified applying simultaneous torsion-reverse-torsion cycles during monotonic tensile deformation, Fig. 1 . The results exhibit a significant reduction of the selected mechanical parameters, and as a consequence, the courses of hardening curves for steel and copper are located lower than those without cyclic loading. As it was shown, a decrease of mechanical parameters depends on the amplitude of cyclic loading. An increase of the cyclic strain amplitude led to further decrease of the mechanical parameters. For example, in the case of M1E copper tested for the highest cyclic strain amplitude applied (±0.9%) a reduction of proportional limit and yield point was equal to 220 MPa and 160 MPa, respectively. In many industrial applications the lowering of selected stress parameters may extend the lifetimes of some engineering components. This is especially important taking into account those elements for which the manufacturing costs are extremely high. Differences of mechanical behaviour between both tested materials are well reflected in Fig. 2 , where their hysteresis loops are compared for the same cyclic strain amplitude equal to ±0.3%. In the case of P91 steel a stress drop at the first cycle was obtained, and next the cyclic stability was achieved rapidly, whereas for copper a gradual cyclic softening was observed. The subsequent hysteresis loops allow to assess a variation of the plastic strain energy dissipation. For the P91 steel and M1E copper it increases but in the case of copper it achieves smaller magnitudes. The effect is more visible for higher magnitudes of the cyclic strain amplitude. Further differences between both materials can be identified on the basis of diagram showing effective stress-effective strain characteristics, Fig. 3 . 
Conclusions
Experimental results enabled to formulate the following conclusions:
• torsion-reverse-torsion superimposed on monotonic deformation causes reduction of proportional limit and yield point, but the effect do not have a permanent character, after termination of cyclic loading it vanishes, • effective stress-strain curves identify an increase or decrease of the mechanical parameters with the increase of the cyclic strain amplitude depending on a type of material. 
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